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ABSllWCr 



oaorinatad dJb«MO-p-diaitlnB (CDOs) mnd dlbmxofurww (CDFa) in aablmt air 
have not b«n widely Inveatlgatad. A few weamiranenta of 2.3.7.8-tetra 
chlorodlbenao-p-dioxln (2,3,7,8-40)0) in anblwt air ualng hi* wlune air 
aanfillng with glaaa fibre filters and polyurethane fo«ii (EW) cartridges have 
be« reported. Howwer, no validated Betbodologles for saipllnq antlent air 
for the full nmge of ODB/OXm haive been presented. Proper valldatim 
nquires spiking studlee of «iiltiple CCO/a* ccngmer to detenidne 
breakthrou,^ of both the glase fibre filter and the PUF cartridgea. and 
recovery studies to detetmlne extraction efficiencies. 

The Ckitarlo Ministry of the Eiwlroanant ant>lent air sanT>ler for CIOsADFs 
consists of a glass fibre fUter followed by a single or Aiai PUF cartridges. 
Low nd high-level CTO/CEe" surrogate spiking studies have be«n perfomwd to 
detenelne the sMiplli^ efficlancy of this device. l»C-labelled standards 
were spiked separately onto the glass fibre filter and PUF cartridgea to 
determine breakthroigh. 
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Initial reaults fron a 24 hour aiiBpllnq with • glasa fibr» filter and a 
Blngle FUF Indicated good spike recoveries for both the PDF and filter and 
aoTO breakthrou^ of the lotwr congener splkea from the filter to the PUF. 

ntnccaCTicN 

Interest in the analysis of CEOs and COFb has Increased over the past few 
years Am to the knowledge of the toxic nature of these ccnpounds. Bie 
maOiodoloijy for the SNipllng and analysis of CEDs and CDTs in aanples such as 
drinking water, fish, soils, sedinwits, efflmnts aid stack emissions has 
bem well develcped. However, the analysis of dloxlna md tvacma in artoimt 
■Ir hu not been widely investigated because of the need for very low 
detectleti limits (pq/lm'). Another factor in the slow developwnt of «*ient 
sir methodology is the selecticn of suit Ale sanpllng i^jparatus. ax>s md 
Offs can exist in aifelent sir In two facim, 1) adsorbed en particulate matter 
and 2) as vapour phase polecules. It is also knowi that the ccncmtrations 
found in either form may not necessarily be related to one wiother. Che must 
be able to satiple either the particulate, the vigour phase or both, as 
desired. 

A nufcer of soipllng devices have been developed for monitoring antolent CEOs 
Kid CDFs. Most encorrxsrate a particulate filter and m adsorbent material to 
trap vapour phase molecules, in series, attached to a vacuun source. Smith 
•t.al.used a glass fibre filter, followed by silica gel In a ranovable 
cartridge (1). Silica gel was cboem as an adsorbent becaue it is easily 
cleaned aid easily handled. Smith was able to obtain detection limits of 
0.0O3 pg/m' for 2,3.7,B-TCK) but did not look at the full xmxjt of dioxln and 
furan congeners. 



Qnm of the more widely used adsorbents in aitiient air monitoring is the 
polyurethane foam (FUF) pluj. FUF is the material used in the i4>holestrY 
Inckistry and is inexpensive and convenient to haixlla. Hm PUT plug has been 
used by the U.S. Ekivlromnntal Protection Agency to mcnltor 2,3,7,8-'KDD 
levels in an*>lent alr(2}. A glass fibre filter srei a FUF plug housed in a 
General Metal Works, Inc., Pfodel PS-1 air sanpler was used. In lilxiratcsy 
spiked sanples, 95X recovery of 2,3,7,8-inX) was obtained, indicating the 
validity of the method for field a«ples(2). PUF wisorbents have also been 
used to monitor other types of volatile orgvilc ccnfxxjnds such aa pesticides 
(3,4), polycycllc aroaiatlc hyrdrocarbcns (4) and polychlorinated biphenyls (4) 
at the nj/ia* level. 

■Die Ckttario Ministry of ths Ehvlrorment, Laboratory Services Br«ich and Air 
Rescurcea Branch, has been evaluating one monitoring technique for the 
determination of total dloxin and total furan congeners in anteient air. Die 
Ministry used a modified Hl-voluns sanpler with a glass fibre filter «id 
single or dual PUT cartridges. Spiking experiments were carried out \mix^ 
^*C-labelled dloxin and Airan standards. Ilie filters and FUF cartridges were 
spiked with dlfferott labelled congeners. Uta soiplers were set V4> and air 
was dram thrtugh the filter and PW for extended periods of time. At ttta 
tnd of the aanpling period, the filters md PUF eartrlckiea were spiked with 
an additlcnal labelled congener, extracted, cleaned and analyzed by GCVMS. 
Locations of the labelled congeners and their levels indicated If 
breakthrough froa the filter to the PUF cartridge or from the PUF cartridge 
occuwd and also indicated extraction efficiencies. High wid low level 
piking experiments were carried out with both single aid dual PUF 
cartridges. 
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Hie tesulta of these experiments are aiding the Hlnletry to develop both a 
MBpllng «nd analirtlcal protocol that will later be evaluated laider field 
conditiwia. Further feaalbillty and preclalon experiments will be rei^ired 
before a protocol c«i be determined. 

BSPtRIMHBtfi 

'*'*°^^*^ " *^^'»»» '">" filter* were tjbtajjwd frcm PallfUx Producta Corp. 
(Putnam, Qmn. ) . Polyurethane foam was purchased from a local vn^oleatry 
manufarturer. Dletllled-to-glaaa grade aolvmta ««ra ueed (Caledon 

Labwratorlea, Oeorgetowi, ttitarlo) I'C-labelled dloxln «d furan standards 
were obtained from Cartridge Laboratorlea (Cwfcrldge, m. ) . 

^BP*'^*=^ - * "Ddlfied Rl-Volume sn|>ler with a single glass fibre filter 
»nd single or dual PUF cartridges was used, Ih* saiplera were assoifeled and 
spiked In the laboratOTy. A raige of 1 'c-liAwllsd dloxin ml furrn stmdarda 
were spiked en the filters mvl cartridges. Both high level (1-long/ 
congaiera) and low Isvel (300-500 pg/oongmer> spikes w«re perfonwd. 
Sapling was carried out for 24 hours In the case of a single PUF cartrl^s 
and for 72 hours when 2 PUF cartrldg« in series were used, Tw^jerature and 
flow-rate data were mcnltored during the test period. Field blnks anples 
were also tidnn. 

"Dm alualixn filter housing «1 cartridge housings were clemed with 
dlstUled water and solvents prior to usage. TIib PUF cartridges were cleaned 
before aanpling by Soxhlet ejitraction with toluene tor 24 hours. IJw 
cartridges were rinsed with methylaio chloride md proven clean. Die PUF 
cartridges were stored In clean alumlnuB foil prior to use. 




^Inalyia - After saspling, the filter* tni cartridges were atorad In 
pre-cleaned alualnLn foil in a refrldgerator prior to extraction. Die 
fULters and cartridges were extracted aeparataly by Soxhlat extraction, with 
toluene for 24 hours. Prior to extraction the aanplas were qpUted with 
^*C-6CDD as rni internal standard to provide extraction efficiencies. The 
extracts were concentrated to approxlinately 5-10 aC using a rotary 
evaporator. Die dloxliVfuran containing fractlcna were subjected to a 
modified Dow cleanui} using HoCK/Slllca, HiS04/Slllca, A<^,/Sllica and 
activated alunlna adsorbents. Dia final fraction was takoi to dryness under 
a gentle stream of nltrogan and subodtted for OC/WS wialysis. 

Dm OCyfS >ialysl8 was carried out using a Flmlgan 4000 CXVMS/I16 (Si.svtyvBle, 
CA. ) in the selected ion aEnltorlng mcxle. All ^'C-lidaelled ccng«ners used 
were monitored in both the filter and cartridge sanples. Percentage 
recoveries mid breakthroughs of the ccnganers from the filter* and from the 
cartridges were calculated. 

Rewilts »id Diacusalcn 

An Initial high level ^ilke exiserlSHit using a glass fibre filter and a 
single WW cartridge was carried out Deccnnber 23, 1966. Dm spike recoveries 
for the filters are sfaa«n in Table 1 and for the cartridges are shown in 
Table 2. Die sasples were spiked with labelled dloxins ( 1*C-SCDD and 
l»C-7tI» en the flltera and l'C-4CS0 and I'C-eCLD on the PUF cartrldgea) and 
were collected for a 24 hour period. Die average sinpling volume waa 
leoo m'. Die recovery of ^'C-SCIO on the PUF Indicated that there waa seme 
breakthrou^ of the lower congener from the filter onto the FUF cartridge. 
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Oocd r«CQV«rl«fl for th« other spiked congensrs cti both th« filter* and 
cartridges wer« observed for the field Bsnplea. "Die low spike recovery for 
the field blank sarples can be partially accounted for by the low recovery of 
the I'C-ecH) Internal standard. Good detection llmlta (0.02 pg/hi' for 4CD0 
mid 4a*' to 1 pg/ta' for eCDD «>d ecCT) were obtained for the field sanplea. 
Ihese detection IMlta are lower than those required If one accepts the New 
York State He<ath Departmoit reconnsndatlon of vi accqjt^le dally Intake of 
2 (P9/Kg)/clay for 237Q-1CDD In fauaanB(5). 

A further set of fcue eiqieriinental «nbiait air cnllectlcns was carried out as 

fotloHBI 

Sanple l i Filter ♦ Single PDF + High Level SpiXe (24 hours) 

Sanple 2 '. Filter + Single PUF + Low Level Spike (24 hours) 

SantJla 3 » Filter * Dual FUFs * High Level SpiXe (72 hours) 

Sswple 4 1 Filter + tXjal FUFa * :tnf :«««) S^le )72 hours) 

^Qiese sanf>lea were collected over the period from Hay 1967 to .Ally 1987. 
1»C-4CED, I'C-eCDO, I'C-SCDF md 1»C-7CDF were spiked on the fUter md 
l»C-Sa», l*C-7aJD, l»C-4a3r and l»C-9a*' were spiked on the PWF cartridges 
of sanples 2, 3, aid 4. Sanple 1 ^Ihea were reversed. l'C-6CIX} was used as 
an exUaoLlon efficiency spike. Detection limits of 0.02 pq/1n' 0.05 pg/tn' 
for the l<XMr congeiers (40)0 & 4CSF) aid 0.08 F3/1a* to 0.7 pg/^* for the 
hl^ier congeners (8CX0 & 8CDF) t«re obtained. 
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Low recoveries of the tetra- and penta- congwiers and hi^er recoveries of 
the hexa- to octa- congeners were observed for the filter sanples from all 
four field runs. In aanple 1 (Single PUF/Hlgh Splka/24 hcurs collection) 
SO-IOOX recovery of the congoMrs spiked en the PUF was obtained, "njere was 
higher recovrery of the hepta- and octa- ccngenera than of the more volatll« 
tetra- and penta- congeners. The PUFs were also monitored for the congeners 
that were originally spiked en the filters. High levels for the 40%' and 
SCDD were otoerved, indicating a hl(;;^ degree of breakthroj^ from the filter 
to the FUF. Ihere was a leaser degree of breakthrough fran the FUF 
cartridge. 

Lower recovery of FW spikes wore abtaln«i for aaeple 2 (Single PUF/Ujw 
SpUie/24hr collectlcn) . l»C-ecDr was not ctwerved on the PUF at tJje low apiJte 
levels used. Breakthroi^ of the labelled congnera frcat the filters onto 
the Pt^s was alao observed. 

CkM ccncluslon that can be drawn frcM the ramtlta for the single FUF 
experiments is that the NOE sanpler allowa the datemdnaticn of anbient 
dioxlns and furana in both the particulate state and vapour phase. tt cmi 
also be concluded that a single FUF cartridge nay be adequate for anblent air 
tncnltoring as there la no si^ilf leant breakthrough from the cartridge. Hie 
lower recoveries obtained In sanple 2 for the lidbelled congeners were not a 
breakthrough prcblem but a detection limit problem. Wm spiXe levels used 
were close to the detection limits nd losses in extraction and cleanup cculd 
have dropped the levels below the detection lladt. 
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Bw result* of thea« extxnrlmnta are aiding the Ministry to develop both a 
aanpllng and analytical protocol that will later be evaluated under field 
coriltlons. Further feaaibUity and precialon experlinenta irUl be required 
before a protocol can be determined. 

EXHJRlWMPa. 

^*''^'^*^ - ^"^ '^f« filter, ware obtained from Pallflex Producta Corp. 
(PutnM, Cam.}. Polyurethmo foam waa purtiwaed frcni • local upholeetry 
™nufacturer. Diatllled-in^laBB grade .olventa -ere used (Caledon 

Laboratoriea, Georgetown, ttrtario) . I'C-labelled dloxin <nl furan atandards 
were obtained fron Caitiridge Laboratoriea (Ca*rldije, MA, ) . 

^^<^°''^ - * "odlfied Hl-Voliine anpler with a Binjle glus fibre filter 
■Id eingle or <»jal HJF cartridge* waa uaed. Die aatplera «wre assorbled and 
eplkad In the laboratory. A range of l»C-labelled dioxln and turtn atandards 
ww» ^>llcad en the filters mi cartridgea. Both hi* level (l-lonj/ 
ccn^tt^m) m low level (300-500 pq/congmer) aplkee were perfornied. 
S-ipling Maa carried out for 24 hours in the case of a aingle PUF cartridge 
«»d for 72 hours ^Atan 2 PUT cartridges in aeries venre used. Tetiperataxre and 
flo.r-rate data were mnUtored Ageing the test period. FleW blnks sanples 
tiere also taken. 

Bie alunlnin filter houelng and cartridge houslnjs were cleaned with 
diatllled water «nd aolvmts prior to usage. The PUF cartrldjea were clewied 
before asipllng by SoriUet extraction with toluene for 24 hours. The 
cartridges were rlnaed with mthylene chloride and proven clean. The PUF 
cartridges were stored in clean altgninun foil prior to use. 
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tBmlymlm - After saipling, the filters and cartridges ware stored in 
pre-cle«ied almlnua foil in m refrldgerator prior to extraction. The 
filters and cartridges were extracted separately by Soxhlet extraction, with 
toluona for 24 hours. Prior to extraction the sanples were spiked with 
l*C-6a» aa at intemal standard to provide extractlcn efflcisncies. Tha 
extracts were concentrated to af^proximately 5-10 mL using a rotary 
evaporator. Hie dioxln/furan containing fractions were si^Jected to a 
Bcdlfied Dow cleans using ttaOVSilica, H,S04/SUlca, ftfto^nicet and 
activated almdna adsorbents. The final fraction was taken to dryneaa imdar 
a gentle streani of nltrogan md sufcmltted for CXVMS analysis. 

The OC/tG analysis was carried out using a FliwUgan 4000 OVKS/DS (Scnnyvale, 
CA.) in the selected ion monitoring mode. All l*C-li<}elled co^^eners used 
were railtored in both the filter and cartridge aaaples. Percentage 
recoveries and breakthroughs of the congeners from the filters and from the 
cartrldgee were calculated. 

Results id Dlscueslon 

An Initial high level spUw experiment using a glass fibre filter vtd a 
single PUF cartridge was carried out Oecai*>er 23. 1966. The qjDce recoveries 
for the filters are sbc«n in Table 1 and for the cartridges are shown in 
Table 2. The sanplea were spiked with labelled dloodns ( ^^C-XDD wd 
l*C-7CDO on the filters aid ^'C-4CSX> and l*C-eciI) en the PUF cartridges) wl 
were collected for a 24 hour period. The average aanpling voluna was 
1800 m'. The recovery of I'C-SCEO on the PUF indicated that there waa acme 
breakthrough of the lower ccngewr from the filter onto the FUF cartridge. 
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Good recoveries for the other spiJied conganers on both the filters sid 
cartrldcfea were observed for the field saiplea. The low splhe recovery for 
the field blank eanplee cm be partially accai*ited for by the low recovery of 
the l»C-ea» Internal standwd. Good detection limits (0.02 pgAi' for 4CI3D 
and tear to 1 pg/hi' for BCDD and KDF) were obtained for the field sanples. 
These detection limits are lower than those required if one accepts the New 
York State Health Deparbnmt recoranendatlon of an act^pt^le dally Intake of 
2 (pq/K9)/day for 2376-TXXO in hunans(5). 

A further set of f«ir experimental anbieit air collections was carried out as 
followat 

Saiple l ! niter + Single PUF + High Level Spike (24 hours) 

Sanple 2 : Filter + Single FUF * hem Level Spike (24 hours) 

aanple 3 i niter ♦ Dual PUTs ♦ High Level Spike (72 hours) 

Staple 4 i Filter * Dual FUTs *■ :pw i«v«; &f>l9 )72 hours) 

Ihese snples were collected over the period from May 1987 to JUly 1987. 
^*C-4CaD. l*C-eca). 1»C-5CDF and l^C-TCDr were spiked on the filter «id 
1«C-SCED, l*C-7a», l'C-4CDF and I'C-SCDF were spiked en the PUF cartridges 
of sanplea 2, 3, sxl 4. Soiple 1 spikes were reversed. ^'C-fiCDD was used as 
an extraction efficiency apUte. Detection limits of 0.02 pg/te' 0.05 pg/h' 
Cor the lower coigai ei s (4CCD & 4CSF) and 0.08 pg/ti' to 0.7 pgt^' for the 
higher congeners (8CCD & acsf) were obtained. 
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Low recoveries of the tetra- and p«ita- congeners and higher recoveries of 
the hexa- to octa- congeners were observed for the filter sanples from all 
four field nms. In sanpls 1 (Single PUF/Hlgh Spike/24 hours collection) 
SO-lOO;!^ recovery of the congeners spiked en the FUF %«as cbtainsd. Ihere was 
higher recovery of the bepta- and octa- congeners than of the more volatile 
tetra- and penta- congeners. The POFs were also monitored for the congoners 
that were originally spiked on the filters. Hl^ levels for the VXS and 
5CDD were observed, indicating a high degree of breakthrough froa the filter 
to the FUF. There was a lesser degree of breakthrough from the ViJf 
cartridge. 

Lower recovery of FUF aplkes were obtained for saspla 2 (Single RSVLow 
Spike/24ur collection). ^'C-eCDF waa not observed on the FUF at the low spike 
levels used. Breakthrou^ of the labelled cizigeners frcn the filters onto 
the HCs was also o b s erv ed. 

One conclusion that can be drown from tbs results for the single FUF 
experiments is that the MOE smif>l«r allowa the deteiminatlcn of mfeient 
dioxins and furana in both the particulate state and vapour pi^asa. It can 
also be concluded that a single FUF cartridge may be adequate for anbient air 
monitoring as there la no algnlf leant breakthrough frcm the cartridge. Ihe 
lower recover iea obtained In sanple 2 for the labelled conganers were not a 
breakthrough problen but a detecticn limit problem. 'Oie splXe levels used 
were close to the detecticn limits wtid losses in extraction and cleamp could 
have dropped the levels below the detecticn limit. 
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